CONTROL DEVICE AND CONTROL METHOD FOR A VEHICLE 



BACKGROUND OF THE INVENTION 

This invention relates to a control device for a vehicle 
and a control method for a vehicle. 

Japanese Patent Application Laid-Open No. 61-45163 (1986) 
describes a control device for a vehicle using a gear type 
transmission. This control device is constructed to achieve 
smooth speed changing by including a friction clutch on a gear 
providing the minimum change-speed ratio to the gear type 
transmission, controlling the number of revolution of the input 
shaft of the transmission by sliding said friction clutch during 
the change-speed to synchronize it with the number of revolution 
of the output shaft of the transmission, and correcting torque 
reduction occurring during the change-speed with the torque 
transmitted by said friction clutch. 

However, in the prior art control device there is a problem 
that if during the change-speed the control of the number of 
revolution only by using the friction clutch, a occupant would 
receive a sense of incompatibility due to fluctuation of the 
torque of the output shaft corrected by the friction clutch. 

Also, there is a problem that, of the end of the speed, 
if the torque reduction correcting value during the change- 
speed corrected by the friction clutch does not match to the 



torque of the input shaft which is transmitted to the output 
shaft by a claw clutch, a torque step is caused at the time of 
the change-speed whereby shaft vibration is generated after the 
change-speed . 

5 

SUMMARY OF THE INVENTION 

An object of this invention is to improve transmission 
ability for a vehicle by suppressing the fluctuation of the 
torque of the output shaft caused from the control of the number 

10 of revolution during the change-speed and by reducing a torque 
step at the end of the change-speed. 

This invention relates to a control device for a vehicle 
wherein it has torque transmitting means between the input shaft 
of a gear type transmission and the output shaft thereof, the 

15 torque transmitting means of at least one speed changing stage 
is comprised by a friction clutch, the torque transmitting means 
of the other speed changing stages are comprised by a dog clutch, 
and-^aid friction clutch is controlled when the change-speed 
is effected from one speed changing stage to the other changing 

20 stage, characterized in that said control device comprises 
torque reduction correcting means for correcting, at the time 
of said change-speed, the torque reducing part of said output 
shaft occurring during the change-speed, and revolution number 
controlling means for controlling the revolution number of said 
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input shaft on the basis of the torque reduction correcting 
value corrected by said torque reduction correcting means. 

Further, the control device according to this invention 
is characterized in that it further comprises torque adjusting 
5 means for adjusting the torque of said input shaft at the end 
of the change-speed on the basis of said torque reduction 
correcting value. 

Also, this invention relates to a control method for a 
vehicle wherein torque transmitting means is attached between 

10 the input shaft of a gear type transmission and the output shaft 
thereof, the torque transmitting means of at least one speed 
changing stage is comprised by a friction clutch, the torque 
transmitting means of the other speed changing stages are 
comprised by a dog clutch, and said friction clutch is 

15 controlled when the change-speed is effected from one speed 
changing stage to the other changing stage, characterized in 
that said control method comprises the steps of correcting, at 
the time of said change-speed, the torque reducing part of said 
output shaft occurring during the change-speed, and controlling 

20 the revolution number of said input shaft on the basis of the 
torque reduction correcting value corrected by said torque 
reduction correcting mean 

Further, the control method according to this invention 
is characterized in that it further comprises the step of 
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adjusting the torque of said input shaft at the end of the 
change-speed on the basis of said torque reduction correcting 
value. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.l is a block diagram of a vehicle system and its control 
device which is one embodiment of this invention; 

Fig. 2 is a diagram showing a torque transmitting path in 
case where the vehicle is running by the driving power of an 
10 engine; 

Fig. 3 is a diagram showing a torque transmitting path 
during change-speed; 

Fig. 4 is a diagram showing a torque transmitting path after 
the end of the change-speed; 
15 Fig. 5 is a flow chart of control processes in the torque 

reduction correcting means of the control device according to 
one embodiment of this invention; 

Fig. 6 is a flowchart of control processes in the revolution 
number controlling means and the torque adjusting means of the 
20 control device according to one embodiment of this invention; 

Fig. 7 is a time chart showing the ^control state at the 
time of the change-speed in one embodiment of this invention; 

Fig. 8 is a block diagram of a control device for a vehicle 
according to the other embodiment of this invention; 



Fig. 9 is a diagram showing a torque transmitting path 
during the change-speed in the other embodiment of this 
invention; 

Fig 10 is a flow chart showing control processes in the 
5 revolution number means and the torque adjusting means of the 
control device for the vehicle according to the other embodiment 
of this invention; and 

Fig. 11 is a time chart showing a control state during the 
change-speed in the other embodiment of this invention. 

10 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of this invention will be explained in detail 
on -the basis of the drawings. 

Fig. 1 is a block diagram for a vehicle system and its control 
15 device according to one embodiment of this invention. 

An engine 1 includes an electronically controlling 
throttle 2 for adjusting engine torque and a revolution or 
engine speed sensor 37 for measuring the number of revolution 
of the engine 1, Ne. Thus, it is possible to control the output 
20 torque of the engine with a high degree of accuracy. 

A clutch 4 is attached between the output shaft 3 of the 
engine 1 and the input shaft 8 of a gear type transmission 50 
so that the torque of the engine 1 can be transmitted to the 
input shaft 8. The clutch 4 as used is of a dry single plate 
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type, in order to control the pressing pressure of the clutch 
4 a hydraulically driven actuator 32 is utilized, and power 
transmission from the output shaft 3 of the engine 1 to the input 
shaft 8 can be interrupted by adjusting the pressing pressure 
5 of the clutch 4. 

The input shaft 8 has gears 5, 6 and 7 attached thereto. 
The gear 5 is used also as a detector for detecting the number 
of revolution of the input shaft 8, Nin. It is possible to 
detect the revolution of the input shaft 8, by detecting the 

10 movement of the teeth of the gear 5 with a sensor 36. 

A motor 2 7 has an output shaft 2 6 to which a gear 2 4 having 
a clutch 2 5 is connected. The gear 2 4 is adapted to engage with 
the gear 7 all the time. The clutch 25 as used is of a dry single 
plate type which enables the transmission of the output torque 

15 of the motor 27 to the gear 24. The control of the pressing 
pressure of the clutch 25 is performed by an actuator 29 which 
is hydraulically driven, and power transmission from the output 
shaft 26 to the input shaft 8 can be interrupted by adjusting 
the pressing pressure of the clutch 25. 

20 The gear type transmission 50 includes an output shaft 20 

which comprises a gear 18 having a gear 14 and a synchronizer 
ring 16, a gear 11 having a gear 12 and a synchronizer ring 15, 
a hub 17 directly coupling the gear 18 and a gear 11 to the output 
shaft 20, and a sleeve (not shown). The gear 18 and the gear 
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11 have respective stoppers (not shown) for prohibiting from 
any movement thereof in the axial direction on the output shaft 
20. Further, this hub 17 has inside grooves (not shown) 
engaging with a plurality of grooves (not shown) of the output 
5 shaft 20, whereby the hub 17 is coupled to the output shaft 20 
so that the former can relatively move axially with respect to 
the latter but any relative movement in the rotational direction 
is limited. Therefore, the torque of the hub 17 is transmitted 
to the output shaft 20. 

10 In order to transmit the torque from the input shaft to 

the hub 17, it is needed to move the hub 17 and the sleeve in 
the axial direction with respect to the output shaft 20 to couple 
directly the hub 17 to the gear 14 or the gear 12 through the 
synchronizer ring 16 or the synchronizer ring 15. A 

15 hydraulically driven actuator 3 0 is used to move the hub 17 and 
the sleeve. 

The hub 17 is also used as a detector for detecting the 
number of revolution No of the output shaft 20. In this case, 
it is possible to detect the revolution number of the output 
20 shaft 20 by detecting the revolution of the hub 17 with a sensor 
13. 

A claw clutch mechanism acting as torque transmitting means 
comprising the hub 17 and the sleeve; the gear 14 and the 
synchronizer ring 16; and the gear 12 and synchronizer ring 15 
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is referred to a dog clutch. 

The mechanism enables to transmit energy from a power source 
such as the engine 1 to a tire 23 through a differential device 
21 and an axle 22 with high efficiency, thereby to aid in 
5 decreasing fuel consumption. 

Further, the output shaft 20 includes a gear 9 having a 
clutch 10. The clutch 10 is constituted by a wet type multiple 
plate type friction clutch so that the torque of the input shaft 
8 can be transmitted to the output shaft 2 ; 0. The control of 
10 the pressing pressure of the clutch 10 is performed by an 
actuator 32 which is hydraulically driven, and power 
transmission from the input shaft 8 to the output shaft 2 0 can 
be interrupted by adjusting this pressing pressure. 

The speed changing ratio of the gear 5 and the gear 9 is 
15 made smaller than the speed changing ratio of the gear 7 and 
the gear 18, and the speed changing ratio of the gear 6 and the 
gear 11. 

In the engine 1, the amount of intake air is controlled 
by the electronically controlled throttle 2 attached to an 
20 intake pipe (not shown), and the fuel of the amount 
corresponding to the amount of intake air is injected from a 
fuel injecting device (not shown). Also, ignition timing is 
determined on the basis of an air fuel ration defined by the 
amount of air and the amount of fuel as well as signals such 
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as the number of revolution of the engine, Ne, and ignition is 
effected by an ignition device (not shown). 

As the fuel injection device, there are an intake port fuel 
injecting system in which fuel is injected to an intake port, 
5 and a cylinder fuel injecting system in which fuel is injected 
directly into a cylinder, but it is preferable to select a system 
which enables to decrease fuel consumption and is superior to 
exhaust gas ability, comparing operation areas (areas 
determined by the engine torque and the engine revolution 
10 number) required by the engine. 

Next, a control device 100 will be explained for controlling 
the engine 1, the actuators 29, 30, 31 and 32, and the motor 
27. 

The control device 100 receives as input signals an 
15 acceleration pedal controlling amount signal , a shift lever 
position signal Ii, an engine revolution number signal Ne 
detected by a sensor 37, an input shaft revolution number signal 
Nin detected by a sensor 3 6 and an output shaft revolution number 
signal No detected by a sensor 13. In response thereto, the 
20 control device 100 computes the torque Te of the engine 1, and 
sends it to a control device 34 through a LAN constituting 
communication means . 

The control device 34 computes the degree of throttle valve 
opening, the amount of fuel and ignition timing for achieving 



9 



the received engine torque, and controls respective actuators 
(for example , the electronically controlled throttle 2). 

Also, the control device 100 computes the torque and the 
number of revolution of the motor 27 , and sends them to a control 
5 device 35 through the LAN to control the motor* The control 
device 3 5 functions to charge a battery 28 with power obtained 
from the motor 27 and supply a power from the battery 28 to the 
motor 27 for driving it. 

The control device 100 comprises vehicle speed detecting 
10 means 101, change-speed command generating means, torque 
reduction correcting means 103, revolution, number controlling 
means 104 and torque adjusting means 105. 

- The vehicle speed detecting means 101 computes the vehicle 
speed Vsp on the basis of the output shaft revolution number 
15 No detected by the sensor 13 (in this case, the computation is 
performed as Vsp = f (Nm) using function f) 

The change-speed command generating means 102 determines 
a speed changing command Ss on the basis of the input accelerator 
pedal controlling amount and the vehicle speed Vsp found by 
20 the vehicle speed detecting means 101. The speed changing 
command Ss is selected from values stored in memory means (not 
shown) within the control device 100, said values being found 
by a pre-experiment or a simulation as ones giving the maximum 
efficiency to the engine 1 and motor 27. 
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Now, the control of the clutch 10 will be explained when 
the speed changing stages is altered (speed changed) from first 
(1) speed operation state to second speed (2) operation state, 
using Fig, 2, Fig. 3 and Fig. 4- The control of the clutch 10 
5 is effected by controlling the actuators 29 to 32 on the basis 
of the commands from the control device 100 so that the control 
device 33 controls the gear type transmission 50. 

Fig. 2 is a view for explaining the first state operation 
speed in case where the vehicle is intended to be accelerated 

10 when it runs with the driving force of the engine 1 . In the 
drawings , dotted arrow lines indicate torque transmitting paths . 
As one example, it is assumed where the clutch 4 has been coupled 
and the dog clutch (hub 17) has been coupled to the gear 18. 
In this condition, the torque of the engine 1 is transmitted 

15 to the output shaft 2 0 trough the clutch 4, the input shaft 8, 
the gear 7 and the gear 18. At that time, the clutch 10 is in 
the released condition. 

When the change-speed command Ss is output by the 
change-speed command generating means 102, the dog clutch (hub 

20 17) is made the released condition to release the coupling 
between the gear 18 and the output shaft 20, as shown in Fig. 
3. At the same time, the actuator 31 is controlled to press 
and couple the clutch 10, thereby to transmit the torque of the 
engine 1 from the output shaft 3 through the clutch 4, the input 
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shaft 8, the gear 5, the gear 9 and the clutch 10 to the output 
shaft 20. Thus, when the torque of the engine 1 is transmitted 
to the axle 22 with the pressing pressure of the clutch 10 to 
make it the driving torque for the vehicle, the gears 5 and 9 
are used and the speed changing ratio becomes smaller. As a 
result, the load of the engine 1 becomes larger and the number 
of revolution decreases, whereby the speed changing ratio 
between the output shaft 20 and the input shaft 8 leaves the 
speed changing ratio of the first speed and approaches to the 
speed changing ratio of the second speed (the direction that 
the speed changing ratio becomes smaller). 

Then, when the speed changing ratio between the input shaft 
8 and the output shaft 20 becomes the change-speed ratio of the 
second speed, the dog clutch (hub 17) is coupled to the gear 
11 to couple the gear 11 to the output shaft 20, as shown in 
Fig. 4. As soon as this coupling is completed, the actuator 
31 is controlled so that the change-speed from the first speed 
to the second speed is completed by releasing the pressing 
pressure of the clutch 10 . In this second speed operation state, 
the torque of the engine 1 is transmitted through the 
transmitting path passing the output shaft 3 of the engine 1, 
the clutch 4, the input shaft 8, the gear 6, the gear 11, the 
hub 17 and the output shaft 20 in the order. 

From the above-mentioned explanation, it is appreciated 
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that although at the time of the change-speed a neutral state 
is created by releasing the first speed condition, since at that 
time the torque of the engine 1 is adapted to be transmitted 
to the axle 2 2 by the clutch 10 and the gears 5 and 9, it is 
5 possible to correct any torque reduction occuring during this 
change-speed . 

Now, a control method at the time of the change-speed in 
the vehicle control device of this embodiment will be explained 
by using Fig. 5 to Fig. 7. 
10 First, control processes in the torque reduction 

correcting means 103 will be explained. 

Fig. 5 is a flow chart for the control processes in the 
torque reduction correcting means 103. 
Step 501 

15 In this step, a change-speed command Ss output from the 

change-speed command generating means 102 is read. 
Step 502 

In this step, the torque Tel of the engine 1 before the 
change-speed (during the first speed), received by the control 
20 device 34 through the LAN is read. 
Step 503 

In this step, the torque Toutl of the output shaft 20 before 
the change-speed (during the first speed) is computed on the 
basis of the torque Tel of the engine 1 before the change-speed, 
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read in Step 502. 

In this step, the FF (Feed Forward) target torque Tc_ff 
of the clutch 10 is computed on the basis of the torque Toutl 
of the output shaft 20 computed in Step 503- Also, assuming 
that the change-speed ratio at the first speed is referred to 
Rl, the change-speed ratio at the second speed is referred to 
R2, the engine revolution number before the change-speed is 
referred to Nel and the engine revolution number after the 
change-speed (at the time of the second speed) is referred to 
Ne2, the engine revolution number Ne2 after the change-speed 
may be presumed as Ne2 Nel x (R2/R1) . Further, it is possible 
to find the engine torque after the change-speed in response 
to the presumed engine revolution number Ne2 and the amount of 
throttle opening, and the output shaft torque after the 
change-speed, Tout 2 can be also presumed. It is possible to 
compute the FF target torque Tcjf of the clutch 10 depending 
upon this presumed torque Tout2 . 
Step 505 

In this step, it is determined whether an input /output shaft 
revolution number ratio Rch which is found by the engine 
revolution number Ne (input shaft revolution number Nin) and 
the output shaft revolution number No is within a predetermined 
range. If it is not within the predetermined range, the process 
proceeds to Step 506, and if it is within the predetermined range, 
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the process proceeds to Step 508. 
Step 506 

In this step, in case where during the change-speed the 
input/output shaft revolution number ratio Rch is not within 
5 the predetermined range, the torque reduction correcting value 
during the change-speed , Tc ref is computed as Tcref = Tc ff . 
Step 507 

In this step, in case where during the change-speed the 
input /output shaft revolution number ratio Rch is within the 

10 predetermined range, by feeding back an error between the target 
revolution number ratio corresponding to the change-speed ratio 
of the second speed and the input /output shaft revolution number 
ratio Rch, the revolution number ratio FB (Feed Back) target 
torque Tcfb is computed. At that time, the revolution number 

15 ratio FB target Tcfb of the clutch 10 may be computed by 
computing the target engine revolution number ( input shaft 
revolution number) depending upon the target revolution number 
ratio and feeding back the engine revolution number Ne. 
Step 508 

20 In this step, the torque reduction correcting value Tc ref 

during the change-speed is computed as Tcref = Tc_ff + Tcfb. 
Step 509 

In this step, the torque reduction correcting value Tc ref 
during the change-speed Tc_ref found in Step 506 and Step 508 
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is output as the target torque of the clutch 10. The output 
torque reduction correcting value Tc ref is sent to the control 
device 33 through the LAN. 

The control device 33 is a control device for driving 
hydraulically the actuators 29 to 33, and controls the actuator 
31, thereby to correct any torque reducing part during the 
change-speed on the basis of the value of Tc ref by adjusting 
the pressing pressure of the clutch 10. 

As explained above, in the torque reduction correcting 
means, it is possible to improve change-speed ability by 
correcting the torque reducing portion of the output shaft 20 
occurring during the change-speed. 

Next, control processes in the revolution number 
controlling means 104 and the torque adjusting means 105 will 
be explained. 

Fig. 6 is a flow chart for the control processes in the 
revolution number controlling means 104 and the torque 
adjusting means 105. 
Step 601 

In this step, it is determined whether the input /output 
shaft revolution number ratio Rch found on the basis of the 
engine revolution number Ne (input shaft revolution number Nin) 
and the output shaft revolution number No is within a 
predetermined range. If it is not within the predetermined 
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range, the process proceeds to Step 602 in which control 
processes are preformed by the revolution number controlling 
means 104 , and if it is within the predetermined range, the 
process proceeds to Step 603 in which control processes are 
5 performed by the torque adjusting means 105* 

First, control processes in the revolution number 
controlling means 104 which are effected in Step 602 to Step 
604 will be explained. 
Step 602 

10 In this step, the torque reduction correcting value Tc_ref 

found according to Tc_ref = Tcff is read. 
Step 603 

In this step, the target torque of the engine 1, Te refl 
achieving the revolution number Ne of the engine 1, Ne giving 
15 the predetermined input/output shaft revolution number ratio 
Rch is computed on the basis of the torque reduction correcting 
value Tcref as read in Step 602. 
Step 604 

In this step, the target torque Te _refl of the engine 1 
20 found in Step 603 is output. The output target torque Te refl 
of the enginel is sent to the control device 34 through the LAN. 

The control device 34 controls the electronically 
controlled throttle 2 so that the target torque Te-ref 1 of the 
engine 1 is achieved. 
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Also, in the revolution number controlling means 104, in 
order to achieve the target torque Te refl of the engine 1, the 
air fuel ratio of the engine 1 may be controlled, or ignition 
timing may be controlled. 
5 As explained above, in the embodiment, it is possible to 

couple the dog clutch as the second condition by controlling 
the revolution number of the input shaft 8 during the 
change-speed using the revolution number controlling means 104 , 
and also to improve change-speed ability by controlling inertia 
10 torque at the time of the coupling to the second speed. 

Next, control processes in the torque controlling means 
105 effected in Step 605 to Step 607 will be explained. 
Step 605 

In this step, the torque reduction correcting value Tc__ref 
15 found according to Tcref = Tcff +Tc fb is read. 
Step 606 

In this step, the target torque Te ref2 of the engine 1, 
making smaller a deviation between the output shaft torque after 
the change-speed and the torque reduction correcting value 
20 Tc ref is computed on the basis of the torque reduction 
correcting value Tc_ref read in Step 605. 
Step 607 

In this step, the target torque Te ref2 of the engine 1 
found in Step 60 6 is output. The output target torque Teref2 
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of the enginel is sent to the control device 34 through the LAN. 

The control device 34 controls the electronically 
controlled throttle 2 so that the target torque Te ref 2 of the 
engine 1 is achieved. 
5 Also, in the torque ad justing means 105, in order to achieve 

the target torque Te_ref2 of the engine 1, the air fuel ratio 
of the engine 1 may be controlled, or ignition timing may be 
controlled. 

As explained above, in the torque adjusting means 105, it 
10 is possible to make smaller the deviation between the torque 
reduction correcting value during the change-speed and the 
torque of the output shaft 20 after the change-speed by 
m controlling the torque of the input shaft 8 at the end of the 
change-speed, and also it is possible to improve speed changing 
15 ability by decreasing the torque step thereby to restrain any 
shaft vibration or fluctuation after the change-speed. 

Next, the operation at the time of the change-speed will 
be explained. 

Fig. 7 is a time chart showing the control condition at 
20 the time of the change-speed. In Fig. 7, (A) shows a speed 
changing command Ss, (B) a shift lever position corresponding 
to a dog clutch position, (C) the input/output shaft revolution 
number ratio Rch , (D) the degree of throttle opening 6 , (E) 
the torque Tc of the clutch 10, and (F) the torque Tout of the 
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output shaft 20. Also, the axis of abscissa represents time. 

As shown in (A) , when during the driving at the first speed 
the change-speed command Ss instructing the second speed is 
output at point a, the speed changing control is started, and 
as shown in (E) the torque Tc of the clutch 10 gradually 
increases . 

As the torque Tc of the clutch 10 gradually increases, as 
shown in ( F ) the torque Tout of the output shaft 2 0 gradually 
decreases and at point b, the dog clutch which has been coupled 
at the first speed side becomes releasable condition. This is 
because due to the torque to be transmitted with the gears 5 
and 9 the torque to be transmitted with the gear 7 and 18 
decreases upi to the value making the dog clutch releasable. 

When the dog clutch becomes the releasable condition; the 
dog clutch which has been coupled at first speed side is released 
by the control of the actuator 30, and the shift lever position 
Ii becomes a neutral state (during the change-speed), whereby 
the actual change-speed is initiated. 

When the shift lever position Ii becomes the neutral state, 
as shown in (E) the control of the clutch 10 for correcting the 
torque reduction part occurring during the change-speed is 
started, and the actuator 31 is controlled in accordance with 
the value of the target torque Tc ref = Tc ff of the clutch 10 
output from the torque reduction correcting means 103, whereby 
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as shown in (F) any torque reduction part of the output shaft 
20 during the change-speed is corrected. 

At that time, since the torque transmitted by the clutch 
10 becomes equal to the torque of the output shaft 20, it is 
preferable that the target torque Tc ref of the clutch 10 has 
a smooth property to reduce the sense of discomfort which an 
occupant would receive. Also, it is needed to control, during 
the change-speed, the input/output shaft revolution number 
ratio Rch rapidly and smoothly so that it becomes the speed 
changing ratio R2 of the second speed. 

Therefore, in order to obtain the target torque Terefl 
of the engine 1 output by the revolution number controlling 
means 104, the engine revolution number Ne is adjusted by 
controlling the throttle opening so that it becomes 0 =6?_refl 
as shown in (D), whereby the input/output revolution number 
ratio Rch is caused to be close to the speed changing ratio R2 
of the second speed. 

By such control of the clutch 10 and the electronically 
controlled throttle 2, as shown in (C) the input /output shaft 
revolution number ratio Rch becomes Rch = R2 at point c, but 
it is preferable that to cause the dog clutch to couple, the 
engine revolution number Ne is changed toward -irtrs increase, 
thereby to match the input/output shaft revolution number ratio 
Rch to the speed changing ratio R2 . This is disadvantageous 
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that since the number of revolution No of the output shaft 20 
has been increased by the torque reduction correcting value 
corrected during the change-speed, if the dog clutch is tried 
to be coupled at the time when the revolution number of the input 
shaft 8 is in the direction of its decrease, torque interference 
occurs at the biting portions of the dog clutch, which makes 
the coupling defficult. This is because the way by which the 
dog clutch is coupled in the direction in which the number of 
revolution of the input shaft 8 increases gives lesser torque 
interference . 

Since after point c the relationship between Rch and R2 
becomes Rch<R2 , it is needed to increase the input/output shaft 
revolution number ratio Rch. However, since just before the 
coupling (between point c and point d) , with the control of the 
engine torque Te a slight delay occurs in its response, it is 
preferable to adjust the input/output shaft revolution number 
ratio Rch with the torque of the clutch 10. To this end, during 
the period from point c to point d, the revolution number ratio 
FB target torque Tc fb depending upon the deviation between the 
input/output shaft revolution number ratio Rch and the speed 
changing ratio R2 at the second speed is added, thereby to set 
the target torque of the clutch 10 to Tc_ref = Tc_ff + Tc fb. 

As described above, by feeding back the input /output shaft 
revolution number ratio during only a period in which the 
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deviation between the input/output shaft revolution number 
ratio Rch and the speed changing ratio at the second speed is 
small, it is possible to restrain, to the minimum, the torque 
variation of the torque reduction correcting value occurring 
5 during the change-speed and it is possible to assuage the sense 
of discomfort which the occupant receives. By such revolution 
number ratio FB control of the clutch 10, the relationship of 
Rch R2 occurs in the direction in which the input/output shaft 
revolution number ratio Rch increases, and the dog clutch 
10 becomes the condition in which it can be coupled at the second 
speed. 

When the dog clutch becomes the condition in which it can 
be coupled at the second speed, the control of the actuator 3 0 
results in the coupling of the dog clutch at the second speed. 

15 However, at that time, it is preferable that by make smaller 
the deviation between the torque reduction correcting value 
Tcref - Tc _f f + Tcfb during the change-speed and the torque 
of the output shaft 20 after the change-speed (after the 
coupling at the second speed), the torque step of the output 

20 shaft 2 0 at the end of the change-speed is reduced, thereby to 
suppress the occurrence of the shaft vibration. 

Since the torque reduction correcting value during the 
change-speed is determined by the torque Tc of the clutch 10 
and the torque of the output shaft 20 after the change-speed 
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is determined by the torque Te of the engine 1 and the speed 
changing ratio R2 at the second speed , between point c and point 
d the throttle opening is controlled so that it becomes 6 = 
6> ref2, so as thereby to achieve the target torque Te_ref2 of 
5 the engine 1. Since during the change-speed the clutch 10 is 
under a slippage condition, if the torque Te of the engine 1 
is larger than a predetermined value, the torque reduction 
correcting value during the change-speed is determined by the 
torque Tc of the clutch 10 and the inertia torque of the engine 

10 1 , whereby it is possible to perform the torque matching control 
at the end of the change-speed independently of the torque 
reduction correcting control during the change-speed. . 

When at point d the actual change-speed is completed by 
the fact that the dog clutch is coupled to the second speed, 

15 the throttle opening 6 is returned gradually to the opening 
before the change-speed and at point e the speed changing 
control is finished. 

As explained above, in accordance with this embodiment, 
in the speed changing operation by finding the torque reduction 

20 correcting value of the output shaft 2 0 during the change-speed, 
controlling the revolution number of the input shaft 8 on the 
basis of this torque reduction correcting value, and at the end 
of the change-speed adjusting the torque of the input shaft 8, 
the torque variation of the transmission output shaft 20 can 
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be suppressed. 

Next, a construction of the control device for a vehicle 
according to the other embodiment of this invention will be 
explained using Fig. 8 to Fig. 11. 
5 Fig. 8 is a block diagram for the control device according 

to this embodiment. Since the overall system construction of 
the vehicle is the same as one in the embodiment shown in Fig. 
1, its explanation is abbreviated. Also, constructive parts 
in this embodiment equivalent to the constructive parts in the 
10 embodiment in Fig. 1 will be explained affixing thereto the same 
reference numerals . 

A control device 800 comprises the vehicle speed detecting 
means 101, the change-speed command generating means 102, the 
torque reduction correcting means 103, revolution number 
15 controlling means 801 and torque adjusting means 802. 

Since the control processes preformed in the vehicle speed 
detecting means 101 and the change-speed command generating 102 
are similar to those in the embodiment shown in Fig. 1, the 
explanation therefor is abbreviated. 
20 Now / the control for the clutch 10 and the motor 2 7 at the 

time when the change-speed is carried out from the first speed 
operation state to the second speed operation state will be 
explained using Fig. 9. 

When the change-speed command Ss is output by the 
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change-speed command generating means 102 , the dog clutch (hub 
17) is made the uncoupled condition to release the coupling 
between the gear 18 and the output shaft 20 , as shown in Fig. 
9. At that time, the clutch 25 has been made the coupled 
condition by the control of the actuator 29, At that time, the 
torque of the motor 27 is transmitted along a motor torque 
transmitting path passing the output shaft 26 of the motor 27, 
the clutch 25, the gear 24, the gear 7, the input shaft 8, the 
gear 5, the gear 9, the clutch 10 and the output shaft 2 0 in 
the order, whereby the revolution number control and the torque 
adjustment for the input shaft 8 by the motor 27 becomes 
possible. 

During the change-speed, the torque of the engine 1 is 
transmitted to the output shaft 2 0 through the gears 5 and 9 
by pressing the clutch 10 under the control of the actuator 31. 
By this pressing pressure for the clutch 10 the torque of the 
engine 1 is transmitted to the axle 22 to be used as the driving 
torque of the vehicle, and the revolution number of the engine 
1 is decreased because the load of the engine 1 becomes larger 
as a result of the small speed changing ratio by the use of the 
gears 5 and 9, whereby the speed changing ratio between the 
output shaft 2 0 and the input shaft 8 approaches the speed 
changing ratio of the second speed (the sense in which it becomes 
smaller) from the speed changing ratio of the first speed. 
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At that time, the torque of the engine 1 is transmitted 
along a transmitting path passing the output shaft 3 of the 
engine 1, the clutch 4, the input shaft 8, the gear 5, the gear 
9, the clutch 10 and the output shaft 20 in the order. Then, 
5 when the speed changing ratio between the input shaft 8 and the 
output shaft 20 becomes the speed changing ratio of the second 
speed, the gear 11 and the output shaft 20 are coupled by coupling 
the dog clutch to the gear 11. As soon as the dog clutch is 
coupled to the second speed state, the actuator 31 is controlled 
10 to release the pressing pressure of the clutch 10, whereby the 
change-speed is completed . 

As mentioned above, although at the time of the change-speed 
the neutral state occurs by releasing the first speed, since 
at that time the torque of the engine 1 and the motor 27 is 
15 transmitted to the axle 22 through the output shaft 20 by the 
clutch 10 and the gear 5 and 9, it is possible to correct any 
torque reducing portion occurring during the change-speed. 

Now, a control method at the time of the change-speed in 
the control device for a vehicle according to this embodiment 
20 will be explained using Fig. 10 and Fig. 11. Incidentally, 
since the control processes in the torque reduction correcting 
means 103 are equivalent to those explained using Fig. 5, the 
explanation therefor is abbreviated. 

First, control processes in the revolution number 
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controlling means 801 and the torque adjusting means 802 will 
be explained using Fig. 10. Fig. 10 is a flow chart for the 
control processes performed in the revolution number 
controlling means 801 and the torque adjusting means 802. 
5 Step 1001 

In this step, it is determined whether the input /output 
shaft revolution number ratio Rch found on the basis of the 
engine revolution number Ne (input shaft revolution number Nin) 
and the output shaft revolution number No is within a 

10 predetermined range. If it is not within the predetermined 
range, the process proceeds to Step 1002 in which the control 
by the revolution number controlling means 801 is preformed, 
and if it is within the predetermined range, the process 
proceeds to Step 1005 in which the control process by the torque 

15 adjusting means 802 is performed. 

First, control processes in the revolution number 
controlling means 801 which are performed in Step 1002 to Step 
1004 will be explained. 
Step 1002 

20 The torque reduction correcting value Tcref found by 

Tc_ref = Tc_ff is read. 
Step 1003 

The target torque Tmrefl of the motor 2 7 which achieves 
the revolution number Ne of the engine 1 effectuating a 
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predetermined input /output shaft revolution Rch is computed on 
the basis of the torque reduction correcting value Tc_ref read 
in Step 1002 . 
Step 1004 

5 In this step, the target torque Tm refl of the motor 2 7 

found in Step 10 03 is output. The output target torque Tmref 
1 of the motor 2 7 is sent to the control device 35 through the 
LAN. 

The control device 35 controls the motor 2 7 and the battery 
10 28 to achieve the target torque Tm refl of the motor 27. 

As explained above, in the revolution number controlling 
means 801, it is possible to couple the dog clutch to the second, 
speed by controlling the revolution number of the input shaft 
8 during the change-speed and it is also possible to improve 
15 speed changing ability by suppressing the inertia torque 
occurring at the time of the second speed coupling. 

Next, control processes in the torque adjusting means 802 
preformed in Step 1005 to Step 1007 will be explained. 
Step 1005 

20 In this step, the torque reduction correcting value Tc_ref 

fouded by Tc ref = Tcjf + Tc_fb is read. 

In this step, on the basis of the torque reduction 
correcting value Tc __ref read in Step 1005, the target torque 
Tm_ref2 of the motor 2 7 which makes smaller the deviation 
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between the output shaft torque after the change-speed and the 
torque reduction correcting value Tc_ref is computed. 
Step 1007 

In this step, the target torque Tm_ref 2 of the motor 27 
5 found in Step 1006 is output. The output target torque Tm_ref2 
of the motor 27 is sent to the control device 35 through the 
LAN. 

The control device 35 controls the motor 27 and the battery 
28 to achieve the target torque Tm_ref2 of the motor 27. 

10 As explained above, in the torque adjusting means 802 , by 

controlling the torque of the input shaft 8 at the end of the 
change-speed, it is possible to make smaller the deviation 
between the torque reduction correcting value during the 
change-speed and the torque of the output shaft 2 0 after the 

15 change-speed, and it is also possible to improve speed changing 
ability by reducing the torque step, thereby to suppress any 
shaft vibration occurring after the change-speed. 

Next, the operation at the time of change-speed will be 
explained. 

20 Fig. 11 is a time chart showing a control state at the time 

of the change-speed. In Fig. 11, (A) indicates a change-speed 
command Ss, (B) a shift lever position Ii corresponding to a 
dog clutch position, (C) an input /output shaft revolution 
number ratio Rch, ( D ) the torque Tm of the motor 27, (E) the 
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torque Tc of the clutch 10 and (F) the torque Tout of the output 
shaft 20. Also, the abscissa of this time chart indicates time. 

As shown in (A), when the speed changing command Ss 
instructing the second speed is output at point a during 
5 traveling at the first speed, speed changing control is started, 
whereby as shown in (E) the torque Tc of the clutch 10 gradually 
increases. 

As the torque Tc of the clutch 10 increases, as shown in 
(F) the torque Tout of the output shaft 20 gradually decreases 

10 and at point b the dog clutch which is being coupled at the first 
speed side becomes a releasable state. This is because by the 
torque transmitted with the gears 5 and 9, the torque 
transmitted with the gear 7 and 18 decreases up to a value making 
the dog clutch releasable. 

15 When the dog clutch becomes the releasable state, by the 

control of the actuator 3 0 the dog clutch which has been coupled 
at the first speed side is released, whereby as shown in (B) 
the shift lever position I i becomes a neutral state (during the 
change-speed) and the actual change-speed is started. 

20 When the shift lever position Ii becomes the neutral state, 

as shown in (E) the control of the clutch 10 for correcting the 
torque reduction part occurring during the change-speed is 
started, and the actuator 31 is controlled in accordance with 
the value of the target torque Tc_ref = Tc_f f of the clutch 10 
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output from the torque reduction correcting means 103, whereby 
as shown in (F) any torque reduction part of the output shaft 
20 during the change-speed is corrected. 

At that time, since the torque transmitted by the clutch 
5 10 becomes equal to the torque of the output shaft 20, it is 
preferable that the target torque Tcref of the clutch 10 has 
a smooth property to reduce the sense of discomfort which an 
occupant would receive. Also, it is needed to control, during 
the change-speed, the input /output shaft revolution number 

10 ratio Rch rapidly and smoothly so that it becomes the speed 
changing ratio R2 of the second speed. 

Therefore, as shown in (D), the motor 27 and the battery 
2 8 are controlled to obtain the target torque Te refl of the 
motor 27 output by the revolution number controlling means 801, 

15 thereby to adjust the engine revolution number Ne, whereby the 
input/output revolution number ratio Rch is caused to be close 
to the speed changing ratio R2 of the second speed. 

By such control of the clutch 10 and the motor 27, as shown 
in (C) the input/output shaft revolution number ratio Rch 

20 becomes Rch = R2 at point c, but it is preferable that to cause 
the dog clutch to couple, the engine revolution number Ne is 
changed toward its increase, thereby to match the input /output 
shaft revolution number ratio Rch to the speed changing ratio 
R2 . This is disadvantageous that since the number of revolution 
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No of the output shaft 20 has been increased by the torque 
reduction correcting value corrected during the change-speed , 
if the dog clutch is tried to be coupled at the time when the 
revolution number of the input shaft 8 is in the direction of 
5 its decrease, torque interference occurs at the biting portions 
of the dog clutch, which makes the coupling difficult* This 
is because the way by which the dog clutch is coupled in the 
direction in which the number of revolution of the input shaft 
8 increases gives lesser torque interference. 

10 Since after point c the relationship between Rch and R2 

becomes Rch<R2 / it is needed to increase the input/output shaft 
revolution number ratio Rch. However, immediate before the 
coupling (during points c to d), both of the torque and the 
revolution number of the motor 2 7 must be controlled. If as 

15 the motor 27 a motor that merely can carry out only one of the 
torque control and the revolution has been selected, it is 
needed that the input/output shaft revolution number ratio Rch 
be adjusted by the torque of the clutch 10. To this end, during 
the period from point c to point d, the revolution number ratio 

20 FB target torque Tc_fb depending upon the deviation between the 
input /output shaft revolution number ratio Rch and the speed 
changing ratio R2 at the second speed is added, thereby to set 
the target torque of the clutch 10 to Tc ref = Tc ff + Tcjb. 
As described above, by feeding back the input /output shaft 
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revolution number ratio during only a period in which the 
deviation between the input/output shaft revolution number 
ratio Rch and the speed changing ratio of the second speed is 
small, it is possible to restrain, to the minimum, the torque 
5 variation of the torque reduction correcting value occurring 
during the change-speed and it is possible to assuage the sense 
of discomfort which the occupant receives. By such revolution 
number ratio FB control of the clutch 10, the relationship of 
Rch R2 occurs in the direction in which the input/output shaft 
10 revolution number ratio Rch increases, and the dog clutch 
becomes the condition in which it can be coupled at the second 
speed. 

When the dog clutch becomes the condition in which it can 
be coupled at the second speed, the control of the actuator 30 

15 results in the coupling of the dog clutch at the second speed. 
However, at that time, it is preferable that by make smaller 
the deviation between Tc ref - Tcjf + Tc fb corresponding to 
the torque reduction correcting value during the change-speed 
and the torque of the output shaft 20 after the change-speed 

20 (after the coupling at the second speed), the torque step of 

k 

the output shaft 20 at the end of the change-speed is reduced, 
thereby to suppress the occurrence of the shaft vibration. 

Since the torque reduction correcting value during the 
change-speed is determined by the torque Tc of the clutch 10 
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and the torque of the output shaft 2 0 after the change-speed 
is determined by the torque Te of the engine 1, and the torque 
Tm of the motor 27 andthe speed changing ratio R2 at the second 
speed , between point c and point d the motor 27 and the the 
5 battery 2 8 are is controlled so that the target torque Tm_ref2 
of the motor 27 is achieved. Since during the change-speed the 
clutch 10 is under a slippage condition, if the sum of the torque 
Te of the engine 1 the torque Tm of the motor 27 is larger than 
a predetermined value, the torque reduction correcting value 

10 during the change-speed is determined by the torque Tc of the 
clutch 10 and the inertia torque of the engine 1 and the motor 
27, whereby it is possible to perform the torque matching 
control at the end of the change-speed independently of the 
torque reduction correcting control during the change-speed, 

15 At point d the actual change-speed is completed by the fact 

that the dog clutch is coupled to the second speed. After the 
completion of the change-speed, the torque Tm of the motor 27 
is returned to zero gradually, and at point e the speed changing 
control finishes . 

20 As explained above, in accordance with this embodiment, 

in the speed changing operation, by finding the torque reduction 
correcting value of the output shaft 20 during the change-speed, 
controlling the revolution number of the input shaft 8 on the 
basis of this torque reduction correcting value, and at the end 
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of the change-speed adjusting the torque of the input shaft 8, 
the torque variation of the transmission output shaft 20 can 
be suppressed,, thereby to improve the speed changing ability. 
Incidentally, this invention is not intended to be limited 
5 to the system construction in the above-mentioned embodiments. 
This invention is applicable to a control device for a vehicle 
in which the motor 27 is not used. Also, it is possible to use 
as the clutch 4 and the clutch 10 all types of friction clutches 
including a dry type single plate clutch, a wet type multiple 

10 plate clutch, an electromagnetic clutch, etc. Further, it is 
possible to use as the clutch 25 all types of clutches including 
a dry type single plate clutch, a wet type multiple plate clutch, 
an electromagnetic clutch, a dog clutch, etc. 

Since this invention is constructed so that any torque 

15 variation of the output shaft occurring by the revolution number 
control carried out during the change-speed and the torque of 
the input shaft at the end of the change-speed is adjusted, it 
is possible to reduce any torque step of output shaft and 
suppress any shaft vibration, thereby to improve speed changing 

20 ability for a vehicle, 
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